Summary A rib fracture history after age 45 was associated with a 5.4-fold increase in new rib fracture risk and a 2.4-fold increase in risk of any new clinical fracture in 155,031 postmenopausal women. A rib fracture history suggests osteoporosis and should be considered when evaluating patients for interventions to prevent fractures. Introduction Until recently, little attention was paid to rib fracture as an osteoporosis marker. Emerging evidence suggests rib fracture may be an osteoporotic fracture in men and women. We report the 5-year independent association between baseline rib fracture histories and self-reported future fractures by age (decade) in the NORA cohort (155,031 postmenopausal women, 50-99 years). Methods Participants reported fracture history and responded to follow-up surveys at years 1, 3, or 6. Women with a baseline rib fracture history without other fractures were compared with women with no fracture.
Introduction Until recently, little attention was paid to rib fracture as an osteoporosis marker. Emerging evidence suggests rib fracture may be an osteoporotic fracture in men and women. We report the 5-year independent association between baseline rib fracture histories and self-reported future fractures by age (decade) in the NORA cohort (155,031 postmenopausal women, 50-99 years). Methods Participants reported fracture history and responded to follow-up surveys at years 1, 3, or 6. Women with a baseline rib fracture history without other fractures were compared with women with no fracture.
Results At baseline, 4,758 (3.07%) women reported a rib fracture history without other fractures; 6,300 women reported 6,830 new clinical fractures, including wrist (2,271), rib (1, 891) , spine (1, 136) , hip (941), and forearm (591). Adjusted relative risk (ARR) values (95% confidence interval [CI] ) for future fractures in women with rib fracture history versus women with no fracture history were 5.4 (4.8-6.1) at the rib, 2.1 (1.7-2.6) at the spine, and 1.4 (1.1-1.7) at the wrist, and not significant for forearm or hip fractures. Future fracture risk was at least doubled in women with a rib fracture history in all ages: ARR (95% CI) 3.4 (2.8-4.0) for ages 50-59, 2.5 (2.1-3.0) for ages 60-69, 2.0 (1.7-2.3) for ages 70-79, and 2.0 (1.6-2.6) for ages >80. Conclusions Rib fracture, the second most common clinical fracture in women (after wrist fracture), predicted future fractures of the rib, wrist, and spine at all ages. Women presenting with rib fractures should be evaluated for appropriate management to prevent future fractures.
Introduction
The clinical consequence of osteoporosis or low bone mass is fracture. A 50-year-old woman has a 40% chance of experiencing an osteoporosis-associated fracture in her lifetime [1] . It is well known that prior fractures greatly increase the risk of future fractures [2] [3] [4] [5] [6] [7] [8] . The consistent association between hip, spine, and wrist fracture history and increased future fracture risk led to the inclusion of prior fracture as a clinical risk factor in the revised Clinician's Guide [9, 10] of the National Osteoporosis Foundation (NOF) (a U.S. consumer and communityfocused health organization dedicated to prevention of osteoporosis and broken bones, promotion of strong bones, and reduction of human suffering through programs of public and clinician awareness, education, advocacy, and research).
In the European Prospective Osteoporosis Study (EPOS), a history of rib fracture approximately doubled the 3-year risk for any limb fracture in women ≥50 years [11] . In the 5-year prospective Osteoporotic Fractures in Men Study (MrOS) of ambulatory, community-dwelling men ≥65 years, a history of rib fracture was strongly associated with low bone mineral density (BMD) and future fractures [12] .
The purpose of the present study was to examine the association between a history of rib fracture after age 45 and the 5-year risk of fracture (hip, spine, rib, wrist, or forearm) in the National Osteoporosis Risk Assessment (NORA) study of community-dwelling postmenopausal women aged 50-99 years, and the large size of the cohort (155,031women) allowed us to study future fracture risk by decade of age.
Methods
The study cohort
The NORA study began in 1997 as a longitudinal observational analysis of osteoporosis among postmenopausal women in the United States. As previously reported [13, 14] , postmenopausal women were eligible for enrollment in NORA if they were age ≥50 years and did not report an osteoporosis diagnosis, bone-specific medication use, or a bone density measurement within the preceding 12 months. Current estrogen therapy did not preclude participation.
The 200,160 women were recruited through the offices of 4,236 primary care physicians whose practices were located in 34 states and the District of Columbia and included large numbers of postmenopausal women [13] . Each office provided a randomly chosen list of up to 300 eligible women, who received letters of invitation from their physicians to participate in NORA. Between 40 and 100 women in each practice agreed to enroll and gave written informed consent.
Baseline BMD measurement at one of three skeletal sites (heel, forearm, or finger) was performed in each woman's primary care physician's office by NORA field personnel. Slightly more than half the women had a heel measurement by single energy X-ray absorptiometry (SXA), and approximately one-third had peripheral DEXA (pDEXA) of the forearm. The remaining women had heel ultrasound or finger pDEXA measurements. Participants completed a baseline questionnaire assessing demographics, personal and family history of fracture, estrogen therapy, and health behaviors (smoking, alcohol and caffeine consumption, and physical activity). All study protocols and consent documents were approved by a national institutional review board, The Essex IRB.
Participants were contacted by mail or telephone for three follow-up surveys over the next 6 years. Each survey collected information on new fractures, BMD measurements, current use of estrogen and osteoporosis-specific prescription medications, dietary supplements, falls, health behaviors, and health status. The first follow-up year 1 survey (Y1) was conducted approximately 12 months after enrollment (median=13.3 months) with an 81.9% response rate. Approximately 3 years after enrollment (median= 37.3 months), the year 3 survey (Y3) achieved an 80.6% response rate. The final year 6 survey (Y6) was conducted approximately 6 years after enrollment (median = 69.4 months) with a response rate of 78.8%.
Baseline risk factors
At enrollment, each participant completed mailed questionnaires that provided information on the presence or absence of risk factors for low BMD and fractures, including race/ ethnicity, years of formal education, self-rated health (excellent to poor), body weight, height, personal and family history of fracture, medication use (corticosteroid, estrogen), lifestyle (cigarette smoking, alcohol use, regular exercise), and age at menopause. Body mass index (BMI) was calculated from self-reported height and weight. History of rib fracture was queried by asking, "Since the age of 45, have you broken any of the following bones: hip, rib, wrist, spine (backbone)?" Each fracture history question had a yes/no answer.
Study population
All women who reported their baseline history of fracture after age 45 (yes or no), and who responded to one or more (Y1 or Y3 or Y6) follow-up surveys were eligible for this analysis. Incident fractures were queried at each survey: "Since joining NORA/January 2000, have you broken or fractured: hip, spine/vertebra, rib, wrist, forearm, ankle, other bone?" Only ankle fractures were not assessed in Y1. The time to first fracture or the censoring time varied depending on whether women responded to one or more surveys.
Statistical analysis
The absolute risk of future fracture was calculated as new fracture rates per 1,000 women-years. In addition, the percentage of women experiencing a fracture during the follow-up period was calculated. Both percentage and rate of fracture are important in their own perspective to understand the issues of risk (suggesting etiology) and percent (with population-based health burden implications). χ 2 and t-test statistics were used to compare characteristics between group with only rib fracture history and group with no fracture history at any site. The analysis of the association between rib fracture history and future fracture by fracture site was stratified by decade of age (50-59, 60-69, 70-79, 80+ years). Due to the large sample size, very small but statistically significant differences were observed; to avoid overinterpretation of statistically significant small associations, in this paper we report associations significant at the P<0.0001 level.
Multivariate analysis was performed to assess the association between baseline rib fracture history and future fractures stratified by decade of age group. The Cox model was developed for all future fractures combined. Relative risk (RR; 95% confidence interval [CI]) values adjusted for covariates were estimated from the Cox model using the time from baseline to the time of first new fracture. If no fractures occurred during follow-up, time (observed time) from baseline to the last survey response (Y1, Y3, or Y6 follow-up survey) was used as the censoring time. Fifteen potential covariates were considered (age, BMD T-score, ethnicity, education, self-rated health status, maternal or family history of fracture, estrogen use, body weight, current corticosteroid use, smoking status, menopause before age 40 years, thyroid medication use, BMI, exercise, and alcohol use). The final Cox model with stepwise selection criteria set at P<0.05 entry included all variables except thyroid medication use, BMI, and physical exercise. An interaction term between age group and rib fracture history was used to determine whether the association between rib fracture history and future fracture varied by age group. The osteoporotic fracture (any fracture) included hip, spine, wrist, rib, and forearm fractures.
Results
A total of 170,086 women had information at baseline and completed the Y1, Y3, or Y6 follow-up surveys. From these were derived a cohort of 4,758 women with a baseline history of rib fracture in the absence of other fractures, and a comparison group of 150,273 women with no baseline history of fracture at any site (Fig. 1 ).
An analysis comparing baseline demographics and clinical characteristics of respondents with non-respondents showed that non-respondents to the Y6 survey were more likely to be older, Asian or Hispanic, and less likely to have received higher education. Non-respondents were also more likely to weigh less than 127 lb (58 kg), report worse self-rated health, be cigarette smokers, have rheumatoid arthritis, and have lower peripheral BMD (T-score ≤ −2.5 or between −1.0 and −2.49). The clinical characteristics of respondents versus nonrespondents to the Y1 and Y3 surveys were similar to that of the Y6 survey and were reported in previous NORA publications [15] . Table 1 shows baseline demographics, medical history, lifestyle behaviors, and BMD T-score distribution of women with rib fracture history compared to women with no fracture history, by age group. Among women ages 50-79 years, those with a rib fracture history were slightly older, had a lower BMD T-score, and were more likely to have fair/poor health status, a family history of fracture, premature menopause (<40 years), and weigh <127 lbs (58 kg). Only in the oldest group (>80 years) did the mean (SD) T-score not differ between women with rib fractures and women with no fracture history [−1.9 (1.0) vs. −1.7 (1.1)]. We found no statistical association between rib fracture history and physical activity (Table 1) . Percentages are column percentages and may not add up to 100 due to missing/unknown data a P<0.0001 for rib fracture history versus no fracture history rates per 1,000 women-years by age category and by rib fracture history versus no fracture history. Future fracture rates were highest in oldest women ( Fig. 2 ) but more than half of the women who reported new fractures were less than 70 years of age at baseline, reflecting the age distribution of the cohort (Table 2) . Table 3 presents age group-specific unadjusted and adjusted hazard ratios for future fractures among women with a rib fracture history compared to those with no fracture history. The unadjusted relative risk estimates were higher than adjusted estimates. The adjusted relative risk of future rib fracture within 5 years among women with a rib fracture history (vs. nofracture history) was high across all age groups (RR, 4.3 for ages 70-79 years to 7.2 for ages 50-59 years). Overall, women with a rib fracture history were 4 to 7 times more likely to have another rib fracture within the next 5 years.
The adjusted relative risk of future clinical spine fracture within 5 years among women with a rib fracture history (vs. no-fracture history) was at least 2-fold (RR, 1.7 for ages 70-79 years to 2.6 for ages 60-69 years). The adjusted relative risk for future wrist fracture after a baseline rib fracture was significantly higher among women 50-59 years (RR, 1.7; 95% CI, 1.1-2.4) and 60-69 years (RR, 1.4; 95% CI, 1.03-2.0). A history of rib fracture was not independently associated with future forearm fracture or hip fracture in any age group. 
Discussion
In this prospective study of 155,031 postmenopausal women from the NORA cohort, a history of rib fracture after age 45 was associated with 5.4-fold increase in risk of a new rib fracture and a 2.1-fold increased risk for a future clinical fracture of the spine. Rib fracture predicted an increased risk of wrist fracture in women aged 50-70 years but not older and was not predictive of future fracture at the hip or forearm in any age group. The absence of an association between rib fracture and subsequent hip fracture in NORA may reflect the low incidence of hip fracture in younger women (0.8 per 1,000 person-years for hip in NORA women 50-64 years [16] ) or that women were more likely to be lost to follow-up after a hip fracture. These results for NORA are similar to those of an analysis of limb fractures in 5,995 women ≥50 years in EPOS [11] . In EPOS, women with a self-reported history of low-trauma rib fracture had an increased risk of sustaining any limb fracture (relative hazard [RH] 2.0). The results of these two cohort studies differ in that in EPOS, but not in NORA, a history of rib fracture increased the risk of future fracture of the hip (RH 5.5). Also, in NORA but not in EPOS, the risk of future fracture of the wrist (Colles' fracture) after rib fracture was significantly increased in postmenopausal women younger than 70. The analysis of EPOS did not report future fractures of the rib, which in NORA were the most frequent incident fractures in women with a history of rib fracture.
Rib fracture was the most common incident fracture in women without a history of rib fracture in NORA (Table 2) , but this was not the case in other studies of postmenopausal women [17] . It is possible that the differences in incidence rank order, and differences between NORA and EPOS in the associations between prior rib fracture and subsequent fractures of the hip and wrist, reflect methodological differences in the ascertainment of fractures.
Some limitations of the NORA study are that fractures were based on self-report, and the authors were unable to confirm that each fracture was due to osteoporosis; neither a history of rib fracture nor report of incident fractures was validated by radiography or medical record review. Thus there is potential for bias, but it is difficult to know the direction or the extent of the bias without knowing the numbers of false-positive self-reports or under-reporting. Nevertheless, based on the epidemiology of osteoporotic fractures [23] , it is likely that the vast majority of fractures in this cohort of postmenopausal women were associated with low BMD, even if they occurred as a result of major trauma. A potential systematic recall bias, in which patients who reported rib fractures at baseline also reported them at follow up [11] , could have exaggerated the strength of the association between prior and future rib fractures. Studies of the validity of elderly women's selfreported fractures indicate that this method is relatively accurate for fractures of the wrist, hip, and humerus, but less accurate for fractures of the rib [18] [19] [20] . In the (AGES)-Reykjavik study, rib fractures in elderly women had the lowest concurrence between self-report and record in a fracture registry-kappa value 0.25 for rib fracture, versus 0.82 for fracture of the forearm, and 0.78 for fractures of the hip, femoral shaft, or pelvis [21] . Nevitt et al. [18] reported that 23% of rib fractures identified through self-report were false positives. It seems equally plausible that rib fractures are underestimated because they usually heal spontaneously without medical attention. Under-reporting of other fractures (false negatives) may be less common, with the EPOS study showing that only 7% and 3% did not recall a hip or distal forearm fracture, respectively [19] .
Nevertheless, NORA results are very similar to MrOS results in men, although only the latter validated new rib (and all other) fractures by radiology reports [12] ; in MrOS men a validated rib fracture was the most common incident clinical fracture, and a history of rib/chest fracture was an independent risk factor for incident fractures of the rib (HR 2.71), wrist (HR 2.06), and hip (HR 2.05).
Variation in response rates by age may also have affected the observed rates of fractures. The duration of follow up (average 45.7 months) was similar for all age groups except for women who were more than 80 years of age at baseline (who had an average follow-up of 36 months). The shorter follow up likely reflects frailty or mortality. This truncation of those at highest fracture risk would be expected to lead to underestimation of the true fracture incidence in the elderly.
In NORA, women with a rib fracture history had a lower baseline BMD T-score (Table 1 ). This finding is consistent with the thesis that a rib fracture is a marker for low bone mass in postmenopausal women, and therefore likely to predict future fractures [11, 22] . Current NOF guidelines identify a prior fracture of the hip or spine as a sufficiently important clinical risk factor for future fractures that pharmacologic therapy is recommended irrespective of the patient's BMD T-score [10] . These data from NORA and from EPOS [11] point to a history of rib fracture as a marker of bone fragility in postmenopausal women and suggest that this history should also be considered when evaluating patients for an intervention to prevent future fractures. In conclusion, in this analysis of 155,031 postmenopausal women, a self-reported history of rib fracture after age 45 was independently associated with 5.4-fold increase in risk of a new rib fracture and a 2.4-fold increase in risk of any new clinical fracture. Overall associations were observed in all age groups. A history of rib fractures is suggestive of osteoporosis and should be considered when evaluating patients for interventions to prevent fracture.
